MacKinnon, King, Cathers, & Scott, 1995; Marwick, 1993; Vanderheiden, 1995) .
Reports in the literature on computer access for persons with physical disabilities have listed available products and suggested methods for making computers more accessible (Bischof & Hedman, 1990; Britell, 1991; Curtin, 1994; De Witt, 1991; Lynch, 1990; Merrow & Corbett, 1994; O'Leary et al., 1991) . Several studies compared different methods of accessing computers (Angelo, 1992; Hurlburt & Ottenbacher, 1992; Koester & Levine, 1994; Ratcliff, 1994) . Ratcliff (1994) , for example, compared scanning to direct selection in 100 children without physical impairments. In the most common variety of scanning, the computer or interface device sequentially offers choices to the user. When the desired option is presented, the client performs some action to indicate selection. Scanning input removes direct control from the user. Ratcliff asked the children in her study to choose a specific shape among a group of shapes and then compared the number of errors using both direct selection and scanning. Ratcliff concluded that direct selection produces fewer errors and should be used whenever possible. Angelo (1992) compared three methods of scanning with six persons with cerebral palsy by measuring the speed and accuracy in moving shapes across the screen. Her results suggest that clients should attempt each scanning method, and their performance using each one should be evaluated to ensure the most appropriate recommendations.
Other authors have proposed methods to match users' needs optimally with the numerous products available. Fraser, Bryen, and Morano (1995) developed a list of points to address in evaluating persons with cerebral palsy (i.e., body parts for activation, postural considerations). Anson (1994 Anson ( , 1997 ) created a "road map" that permits the analysis of a person's abilities and the selection of the most appropriate computer access technology or assistive device. In other studies, researchers examined the effect of a specific assistive device, such as word prediction software (Anson, 1993) or voice recognition technology (Goette & Marchewka, 1994; Kambeyanda, Singer, & Cronk, 1997) , on written communication.
Unfortunately, most studies are specific to a disability (e.g., cerebral palsy) and are not generalizable to the majority of persons with disabilities. Studies on a specific assistive device or methods using lists of different devices may become obsolete because new modes of access constantly are being developed. In addition, the tasks used to compare access modes are limited to specific actions and may not represent the general use of a computer.
In our review of the literature, we have not found a valid and reliable instrument to assist therapists to determine the best recommendations about computer access. A tool that can accurately evaluate performance of persons using a computer with adaptive equipment would likely improve the quality of therapists' intervention.
An instrument to measure a person's computer performance was developed in French (Dumont & Dionne, 2000) . Called the Assessment of Computer Task Performance, this instrument has been translated and adapted into English. The purpose of this article is to present this instrument and its psychometric properties.
Development of the Assessment of Computer Task Performance
The first step in the development of the French version of the Assessment of Computer Task Performance was to identify all the actions performed during computer use, including both keyboard (i.e., capacity to strike each key on the keyboard and to strike two keys simultaneously) and mouse actions (i.e., ability to click, double-click, and cover the length and width of the screen). These actions are required to perform computer functions such as writing, surfing the Internet, and playing games. Researchers observed five computer users for 15 minutes and noted all actions made with the keyboard and mouse (see Appendix). Tasks were developed for each action observed to ensure that the instrument would assess all necessary computer functions. In addition, task content also was based on the first author's clinical experience with computers and assistive devices. This step supported content validity of the test (DeVellis, 1991) . During this initial phase, the performance criteria for evaluation, such as execution time, level of success, and number of errors, were identified. The instrument was then pretested on five persons with upper-extremity physical impairments. The results of the pretest led to further modifications of the tasks and the scoring criteria. This first version of the French test was administered to two groups of participants to investigate its psychometric properties, and minor modifications were then made (Dumont & Dionne, 2000) .
This second French version was translated into English by a professional translator. A bilingual occupational therapist compared the French and English versions to ensure that meaning was retained. Tasks were adapted from the French version, and those that were identical and reliable were retained. Two tasks not reliable in the French version were modified for the English version (moving the cursor with the key, dragging and dropping [curves] ) with the intention of improving their reliability. Three tasks-writing words, writing sentences, integrated task: text-were adapted for the English version (see Appendix for task descriptions), keeping the same number of words and letters but not necessarily the same meaning.
Purpose and Description of the Assessment of Computer Task Performance
The purpose of the Assessment of Computer Task Performance is to evaluate performance on the computer using standardized and reliable tasks. The instrument tests competency in using the computer and, as such, can help identify access needs. It evaluates performance when using the actions or sequences of actions that result in a computer command. Because this assessment focuses on these basic actions, we can generalize the results to all types of computer use. In addition, when conducting the assessment, any assistive device can be used with or instead of the mouse or the keyboard, implying that the instrument will transcend issues of software, computer characteristics, or assistive devices and will not become obsolete with changes in computer technology.
Results from the standardized and timed tasks can be used to (a) compare individual performance using different computer access technology or assistive devices, (b) measure training effect, and (c) compare the performance of a client with others. The instrument should help clinicians to make recommendations for computer access within a reasonable amount of time. It was designed to be reliable, easy to administer in a standardized way, and appropriate for a broad range of clients. The tasks were selected to be (a) simple to complete, (b) performed on any type of computer and free software, and (c) completed with minimal computer knowledge. The test manual (available from the first author) provides full instructions and suggestions for assistive devices for clients who are unable to perform a task.
The Assessment of Computer Task Performance is divided into two sections: keyboard tasks and mouse tasks. The keyboard section includes two preliminary tasks and seven timed standardized tasks. The mouse section includes five preliminary tasks and seven standardized and timed tasks (see Appendix for task descriptions). The preliminary tasks determine whether a client needs assistive devices to complete the test or a part of the test; these tasks can help to identify which device is needed. The timed tasks measure performance on computer tasks. Each standardized and timed task is evaluated according to two criteria: level of success and the time taken to complete. The level of success is calibrated using a 4-point Likert scale (completed, completed with errors, partially completed, unable to perform). To rate the writing tasks, the number of errors at the time of test completion must be evaluated. The type and number of errors are used to categorize the person's level of success. The level of success of mouse tasks and certain keyboard tasks is evaluated on the basis of the precision of execution. To provide useful clinical information, each task is scored separately. Observations noted for each task are part of the body and assistive device used, posture, compensation for deficits, presence of pain, tremor, spasticity, signs of fatigue, and any other factor that could interfere with accomplishing the task.
Study Objectives
The aim of this study was to investigate the psychometric properties of the English version of the Assessment of Computer Task Performance (DeVellis, 1991; Streiner & Norman, 1995) . Specific objectives were as follows: 1. Assess the test-retest reliability of each timed task. 2. Determine the internal consistency of the test. 3. Examine construct validity (factor structure) of the test. 4. Determine whether the tasks could discriminate between known groups (impaired vs. nonimpaired).
Method

Participants
The Assessment of Computer Task Performance was administered to two groups of participants. The first group consisted of persons with upper-extremity physical impairment or pain who may or may not require assistive devices to use the computer. The second group consisted of persons without upper-extremity physical impairment. The selection criteria for the two groups were (a) experience in using computers (to limit learning effect) but not as a professional, full-time computer user; (b) English speaking; (c) cognitively intact; (d) 14 years of age or older; and (e) level of education greater than elementary school. Participants in the impaired group were recruited from inpatients and outpatients at rehabilitation centers in the Montreal area of Quebec, Canada. Participants in the nonimpaired group were recruited from hospital employees, visitors, and personal contacts. Twenty-four participants with impairments and 30 participants without impairments made up the study sample. All participants with impairments had upper-extremity physical limitations. They were generally familiar with computers and used assistive devices for computer access as necessary. Their medical conditions were stroke (6), cerebral palsy (3), quadriplegia (3), quadriparesis (3), arthritis (3), and degenerative disease (2), and others (shoulder tendonitis, carpal tunnel syndrome, multiple fractures, scoliosis. The assistive devices used were none (14); low technology, including mouthstick and handstick (4); trackball mouse (4); keyboard and mouse emulation (1); voice recognition (1); and other (2). Participants in the nonimpaired group were free of impairments that interfered with computer use. In addition to the difference in physical capacity, the two groups were statistically different in age, occupation, use of the computer for school, handedness, and use of a touch-typing method (see Table 1 ).
Procedure
One occupational therapist received extensive training on the administration and scoring procedures of the Assessment of Computer Task Performance and administered the test to all participants. The occupational therapist contacted potential participants by telephone and set up an evaluation time. Evaluations were conducted at the individual participant's home, rehabilitation center, or school. After the project was explained, participants signed an informed consent form.
Testing was done in a quiet room and took approximately 2 hr to complete for the impaired group and 1 hr for the nonimpaired group. Rest periods were provided as needed. For the impaired group, the same test was administered two times within a 2-day to 7-day interval, and at each time, each task was measured twice. Four measurements, therefore, were obtained for each task of the test. This repeated administration was done to determine the test-retest reliability of each task in the target group, namely persons with physical disabilities. For the nonimpaired group, the test was administered once, taking two measures for each task. Relevant demographic information and the frequency and reasons for using the computer were recorded.
Data Analysis
The timed results of the trials obtained for each participant on each standardized and timed task were analyzed. Four trials were conducted in the impaired group and two in the nonimpaired group. Measures of central tendency (means) and dispersion (minimum, maximum, standard deviations) were generated for each standardized and timed task by group. Coefficients of variation also were calculated to indicate the amount of variability in the results for each task by group.
In relation to the first objective (test-retest reliability), type 2,1 intraclass correlation coefficient (ICC) (Deyo, Diehr, & Patrick, 1991; Shrout & Fleiss, 1979; Streiner & Norman, 1995) was used to determine the test-retest reliability of the tasks for the impaired group. In calculating 95% confidence intervals, the lower confidence interval took into account the variability of the ICC estimate. ICCs between .80 and 1.00 were considered to be highly reliable. ICCs between .60 and .79 were considered to be moderately reliable, and ICCs below .60 were considered to be of questionable reliability (Fleiss & Shrout, 1978; Landis & Koch, 1977) .
To determine reliability, ICCs were calculated for all possible combinations of trials. ICCs indicating the highest reliability and the most clinical usefulness were selected because when administering the test, the examiner often will have to compare two results, such as those obtained using two assistive devices or before and after a training period. To that end, one may choose the first, the second, the best, or the mean of the trials conducted each time, depending on which one is the most reliable.
In relation to the second and third objectives, Cronbach's alpha was used to assess internal consistency, and factor analysis was used to assess internal factor structure. A Cronbach's alpha above .8 generally indicates a very good internal consistency, and above .9 indicates that the test could be shorter (DeVellis, 1991) . Factor analysis was expected to result in one main component explaining the major part of the variance (Harman, 1976) . Other components explaining a relatively important part of the variance should regroup items in a logical manner, for example, writing items or mouse items. These two analyses also permit the identification of tasks that do not relate to the others and elements that could explain variation in results (DeVellis, 1991) . Data from the second trial of the impaired group were used for these analyses.
In relation to the last objective (discrimination between Note. n = 24 for the impaired group; n = 30 for the nonimpaired group. a n = 29 for the nonimpaired group. b n = 22 for the impaired group. groups), the Wilcoxon rank-sum test, a nonparametric test, was used to compare the scores for each timed task (in seconds) between impaired and nonimpaired groups. The nonimpaired group was expected to perform better than the impaired group. Statistical analyses were conducted using the Statistical Package for the Social Sciences, version 6.0, and a Microsoft Excel 97 spreadsheet specifically for the ICCs. Table 2 presents the results (time in seconds) obtained for both the impaired and the nonimpaired groups for each task. Only the results from the second trial are presented because the reliability of this trial was the highest overall and the most useful for examiners in general. The range and variability of the scores (standard deviation, minimum, maximum, and coefficient of variation) were consistently higher in the impaired group for keyboard tasks and most of the mouse tasks than the nonimpaired group. This finding indicates more variability in physical capacity in the impaired group than the nonimpaired group.
Results
Descriptive Results
Results by Objectives
In relation to the first objective (test-retest reliability), the ICCs presented in Table 3 compare the second and the fourth measures and the means of the first two and last two measures. The reliability of tasks ranged from .79 to .99; all tasks were highly reliable, except dragging and dropping (curves) and changing a window's size (corners), which had fair reliability when comparing the second and the fourth trial and a good reliability when comparing the means of the first two and last two trials. The ICCs comparng the means of the two trials are most often higher than the ICCs comparing the second trial and the fouth one. However, no difference was found between the two methods when considering the lower limit of the confidence interval, except for the task changing a window's size (edges). In relation to the second objective (internal consistency), analyses indicated that the tasks are grouped into three categories: short keyboard tasks, text, and mouse tasks. Keyboard tasks, excluding the integrated task: text, had good internal consistency (6 items, n = 22, Cronbach's alpha = .85). The integrated task: text involves typing text; it does not assess the same elements as the other keyboard tasks but evaluates primarily endurance. Mouse tasks had excellent internal consistency (7 items, n = 13, Cronbach's alpha = .90).
In relation to the third objective (factor structure), factor analysis revealed two main components, the first explaining 58.5% of the variance (eigenvalue = 8.2) and the second, 31.1% of the variance (eigenvalue = 4.4). All tasks are related to the first component, representing general ability to use a computer, except holding a key down. All keyboard tasks are related to the second component, except holding a key down. All mouse tasks are not related to this component; thus, the second component represents keyboard tasks.
In relation to the last objective (discrimination between groups), the results of the Wilcoxon rank-sum test indicated a significant difference in the performance between the two groups for all tasks (p < .05 for one task, integrated task: text; p < .01 for two tasks, dragging and dropping [curves] and dragging and dropping [right-angles]; p < .001 for all other tasks), with the nonimpaired group performing better on all tasks.
Discussion
We set out to investigate in this study the psychometric properties of the English version of the Assessment of Note. CV = coefficient of variation = (SD/M) x 100.
Computer Task Performance. Test-retest reliability, internal consistency, construct validity (factor structure), and discrimination between known groups were assessed. All tasks have high reliability as demonstrated by the high value of the ICCs. The results also indicate that the examiner could choose the second trial or the mean of the two trials to obtain the most reliable information. The differences observed in the reliability of the tasks are linked mainly to the characteristics of the tasks. Of note, errors in the measurement of time for the shorter tasks have a greater proportional impact and, thus, could reduce reliability (i.e., alphabet, and changing a window's size [corners]). For example, a measurement error of 1 sec in a 10-sec task represents an error of 10%, whereas the same error in a 100-sec task only represents an error of 1%. Furthermore, the mouse task dragging and dropping (curves) required more complex movements than other tasks. This complexity led to increased random error and a lower reliability. Of note, those tasks that are most reliable are more commonly performed on the computer (i.e., writing words, writing sentences), whereas less reliable tasks are the more novel tasks (alphabet). The time required to perform the holding a key down and moving the cursor with the keys tasks is not influenced only by skill because participants may have correctly released the key or stopped the cursor at the proper position by chance on their first attempt. This possibility to succeed in a short time by chance increased the variability and reduced reliability.
The instrument has adequate internal consistency as demonstrated by the high value of the alpha coefficient found when considering three categories of tasks (keyboard, mouse, text), so keyboard tasks and mouse tasks evaluate different skills. The analyses of internal consistency also indicated that administration of all the tasks may not be necessary. Indeed, much consistency exists among short keyboard tasks as well as among tasks involving the mouse. The examiner must decide which tasks provide the necessary information according to the person's needs, assistive devices used, and functions that must be mastered.
The construct validity (factor structure) observed is congruent with the use of the computer. As expected, the factor analysis indicated that all tasks were related to the first component (general ability to use a computer), and mouse tasks were not related to the second component (keyboard tasks). Only one task is not related to the others and requires other abilities-holding a key down. This task is not a writing task, and the person must release a key at the proper moment; hence, the task requires reaction time, a skill not present in other tasks.
The tasks are able to discriminate between known groups, as demonstrated by the significant differences between the impaired and nonimpaired groups. As expected, the nonimpaired group performed better than the impaired group.
The results obtained for the English version were similar to those found for the French version (Dumont & Dionne, 2000) . In addition, the two tasks that had poor reliability in the French version and were modified for the English version are now more reliable.
Clinicians now have a series of standardized tasks to measure performance of basic computer functions. The Assessment of Computer Task Performance facilitates a structured instrument with clients and provides data to support therapeutic recommendations. With this tool, occupational therapists are able to compare their client's performance in different situations and with the results of other groups. Comparisons are possible for clients with a variety of impairments and with any type of computer. Other methods of assessing clients' needs, such as a road map (Anson, 1994 (Anson, , 1997 or the assessment proposed by Fraser et al. (1995) , do not allow for these comparisons. In addition, clients can make comparisons with new access technology not already tested. To compare different access modes, such as different scanning methods as did Ratcliff (1994) , examiners can use standardized tasks known to be valid and reliable. In making comparisons, however, the examiner must consider factors found to affect performance.
The Assessment of Computer Task Performance permits the therapist to compare a client's results from one situation to another. When administering the test, however, all elements that affect performance must be standardized, except for the parameter of interest. The examiner selects the parameter to be compared and changes only one factor Note. ICC = intraclass correlation coefficient; LL = lower limit of the confidence interval of the ICC. The number of participants who completed each task varied because some were not able to perform certain tasks.
at a time, either person performance (training) or equipment. When comparing two assistive devices, the assessment should be administered when the training period is complete. The reliability of the test scores indicates that testing a client on different days is possible to eliminate the impact of fatigue.
Limitations and Directions for Future Research
Because of the relatively small sample size, the means for each task should not be considered as norms. Future research must be conducted to establish norms. To ensure accurate interpretation of the test, examiners must understand the purpose of each task as in the traditional activity analysis. In addition, they must have a knowledge of those factors that may affect test results. Examiners must be well trained to ensure that the assessment is administered in a standardized way. Further research is necessary to examine other psychometric properties, such as interrater reliability and criterion validity. Versions of the Assessment of Computer Task Performance for children and for persons with visual impairments are now complete and will be published. L PM-3. Moving in passing menus. PM-4. Using windows: Open windows using a double-click; move the window in different directions; augment and reduce the window size with a click of the appropriate button in the upper corner of the window; close the window with a click of the appropriate button in the upper corner of the window. PM-5. Combining keyboard and mouse actions: Drag an icon while depressing the caps lock key. Standardized and timed tasks: This part uses seven transparencies on the screen that indicate tasks to do with the mouse pointer. M-1. Moving the mouse pointer along a path and making a click at a precise location. M-2. Dragging and dropping an icon along a curved path. M-3. Dragging and dropping an icon along a right-angle path. M-4. Stopping the mouse pointer at precise locations and double-clicking. M-5. Dragging and dropping an icon along a short course many consecutive times. M-6. Changing a window's size using the edges. M-7. Changing a window's size using the corners. The test manual provides full instructions, a list of material, correction criteria, interpretation, suggestions about assistive devices, and more. For a complete description of the test, please contact the first author.
